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(54) METHOD AND APPARATUS FOR INSPECTING CONCRETE STRUCTURE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a means for inspecting a 
concrete structure in which a noncontact and nondestructive 
inspection is performed with regard to the inner defect of a concrete 
without relying upon human feeling and an inspection can be 
performed with regard to the variation of properties. 
SOLUTION: The surface of a concrete 7 is irradiated with infrared 
laser to generate plasma on the irradiated surface and a physical 
vibration is imparted thereto. The light of the plasma is subjected to 
spectroscopic analysis using a prism 16, a CCD 17, and the like, and 
elements deposited on the surface of the concrete are specified thus 
analyzing the properties of the concrete. On the other hand, the 
irradiated surface is irradiated with single light and reflection wave of 
the physical vibration is detected by means of an interferometer 14, a 
photodetecting section 15, and the like, through the reflected signal 
light thus analyzing the inner defect of the concrete. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the inspection technique widely applied to the concrete structures, 

such as a tunnel, a high-speed path, a bridge, and a building. 

[0002] 

[Description of the Prior Art] Conventionally, as the inspection approach about the internal defect of concrete, a metal 
hammer etc. strikes a concrete front face and, generally the inspection approach of judging the existence of an internal 
defect by a worker's feeling is adopted as reliance in the sound to generate. However, since this inspection approach 
was based on human feeling, it had individual difference and the problem was in dependability. Moreover, working 
efficiency was not good, either, while there were problems, such as damage exerted on the concrete side, in order for a 
hammer to strike a concrete front face. 

[0003] Furthermore, the internal flaw detection technique using an X-ray and laser as the conventional inspection 
approach is also developed (the patent No. 2502184 specification). Moreover, the technique in which spectral analysis 
performs component analysis of soil or a base rock is also developed (IP,7-146232,A). The latter conventional 
technique is used for base rock evaluation of the working face in the case of tunneling work etc., and was common. [ of 
an inspection according to viewing about the description of the concrete structure ] About inspection by the sound at 
the time of a metal hammer etc. striking about an internal defect as the general inspection approach for the established 
concrete structure, and the formation of a sex status change, inspection by viewing is adopted despite the join office. 
For this reason, a minute inspection was impossible by the limitation which individual difference is in an inspection 
result and dependability is not only missing, but comes from an acoustic sense or viewing. Moreover, it was not 
suitable for data-izing secular change etc. and supervising quantitatively. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention is what was developed in view of the above Prior-art- 
situations, and without depending on human feeling, it does not destroy [ non-contact and ] and it aims at offering an 
inspection means of the concrete structure by which inspection about the formation of a sex status change can be 
carried out, with the inspection about the internal defect of concrete. 
[0005] 

[Means for Solving the Problem] In order that this invention may solve said technical problem, infrared laser is 
irradiated in a concrete side, giving physical vibration, while making the exposure side generate the plasma, and 
carrying out spectral analysis of the light of said plasma - the surface deposit element of concrete - specifying - the 
description of concrete, while analyzing Single light was irradiated in said exposure side, and a technical means to have 
detected the reflected wave of said physical vibration through the reflected light, and to analyze the internal defect of 
concrete was adopted. If physical vibration is given to a concrete side by the exposure of infrared laser, the vibration 
will be spread inside concrete, if there is a defect, a reflected wave will be formed, and it returns on the surface of 
concrete, and said exposure side is vibrated. Therefore, the internal defect of concrete can be inspected by irradiating 
single light, guiding the reflected light of the single light to an interferometer, and detecting vibration of the exposure 
side by said reflected wave to the concrete side which irradiates infrared laser, moreover, the thing for which the 
plasma light generated by the exposure of said infrared radiation in coincidence in a concrete side is guided and 
analyzed in a spectral-analysis vessel - the description of concrete - it can analyze, if strong [ as a result of spectral 
analysis (for example, a thing with a wavelength of 589nm) ], a thing with a Na and a wavelength of 372nm is strong 
and a thing with a Fe and a wavelength of 479. 5nm is strong, CI deposits on the concrete front face - judging - the 
description of concrete - it can analyze, namely, the description concerning the potential alkali reactivity of cement 
aggregate combination by the value of Na — it can analyze, the description about degradation according to the rust of a 
steel frame etc. by the value of CI thru/or the value of Fe similarly - it can analyze. 



[d006] 

[Embodiment of the Invention] Also when the inspection approach and test equipment concerning this invention are 
widely applicable to the various concrete structures, such as a tunnel, a high-speed path, a bridge, and a building, and 
data-izing not only a-like inspection but an inspection result once, carrying out preservation accumulation and 
supervising secular change of the concrete structure quantitatively, they are very effective. As infrared laser which 
irradiates a concrete side, the carbon dioxide gas laser of a short pulse height peak etc. is suitable, for example. 
Moreover, as said single light irradiated with infrared laser, light laser etc. is used and both laser is set up on the same 
axle. Adoption of proper scanning modes, such as a method using the galvanomirror about the scanning mode, is 
possible. 

[0007] In addition, it has the length measurement meter using laser, a supersonic wave, etc. of light level as equipment 
as an object for measurement of a concrete side, and distance with the inspection point on a concrete side is measured, 
and it can be used as data for the exposure position controls of laser, or can put in a database as location data of each 
inspection point on a concrete side. Moreover, in said inspection, when it judges with an internal defect and sex status 
change-ization having occurred, it is also possible to carry out marking of those internal defects thru/or the generating 
field of the formation of a sex status change, and to consider as the standard in the case of reexamination or detail 
inspection by ink JBETTA etc. 
[0008] 

[Examplie] Hereafter, the example of this invention is explained using a drawing. Drawing 1 is the important section 
explanatory view having shown the important section of the example concerning this invention roughly. Among 
drawing, it is the infrared laser oscillator of the short pulse height peaking capacity which consists of carbon dioxide 
gas laser etc., one irradiates infrared laser to the inspection point of the concrete 7 specified with the galvanomirror 6 
through the beam expander 2, the beam combiner 3, the automatic focus lens 4, the reflective mirror 5, and the 
galvanomirror 6 for a scan, and it is constituted so that physical vibration may be given, while making the exposure 
side S generate the plasma. Moreover, among drawing, eight are a light laser oscillation machine, they are guided to 
said beam combiner 3 through the beam expander 9 and the reflective mirror 10, and after that, they are constituted so 
that light laser may be irradiated in same axle to the exposure side S of concrete 7 through the same optical system with 
said infrared laser. Furthermore, the reflected light and the scattered light from said exposure side S which are guided 
through said galvanomirror 6 and the reflective mirror 5 are constituted so that it may be condensed by the hole 
vacancy parabolic mirror 1 1 and may be guided to the reflective mirror 12. In addition, it passes as it is through the 
hole of a parabolic mirror 1 1, and the infrared laser and light laser which passed the above-mentioned automatic focus 
lens 4 are guided to the reflective mirror 5. 

[0009] The reflected light and the scattered light which were guided to said reflective mirror 12 A part passes the hole 
vacancy reflective mirror 13 as it is, is guided to the interferometer 14 of the Fabry-Perot resonance mold, and is set in 
the photodetection section 15. It is constituted so that the oscillating component about the behavior of the exposure side 
S of concrete 7 may be detected from the reflected light of said light laser and it may output as an electrical signal, and 
it is constituted so that existence, the depth, etc. of a reflected wave which this reflected by the internal defective part of 
concrete 7 may be sensed. Moreover, it is reflected by said hole vacancy mirror 13, and a part of reflected lights and 
other scattered lights are guided to prism 16, it carries out the spectrum of the plasma light generated in the exposure 
side S of the infrared laser of concrete 7 in the prism 16, detects the spectrum for every wavelength of those by CCD 
( charge coupled devices) 17, and it is constituted so that the element which deposited on the front face of concrete 7 
may be specified. 18 in drawing is what showed the length measurement meter which used a supersonic wave, light 
laser, etc., it measures the configuration of the internal surface of concrete 7, stores data, and uses them as the location 
data for control on a scan, location data for the inspection point, etc. In addition, optical reinforcement may be weak 
only by condensing with said hole vacancy parabolic mirror 1 1 about the scattered light. In such a case, it is also 
effective technique to constitute so that the optical fiber which is not illustrated near the exposure side S of said laser 
may be arranged and it may condense. Moreover, if the below-mentioned ink JIETTA head is utilized and the point of 
an optical fiber is arranged in the point in that case, a new driving source etc. does not need to use it. Incidentally, also 
in the above gestalten, it can condense with said hole vacancy parabolic mirror 1 1 about the reflected light. 
[0010] Drawing 2 - drawing 5 are shown about defective analysis of the concrete 7 interior by the exposure of said 
infrared laser. If the infrared laser 19 of the short pulse height peaking capacity generated with said infrared laser 
oscillator 1 and the light laser 20 continuously generated with said light laser oscillation vessel 8 are irradiated to the 
front face of concrete 7 through the above-mentioned optical system in same axle as shown in drawing 2 , according to 
a thermal operation of the infrared laser 19, physical vibration will be given to the exposure side S, a supersonic wave 
21 will occur, and it will spread inside concrete 7. The behavior of the exposure side S of concrete 7 is continuously 
transmitted to said interference machine 14 through the reflected light, and is detected by the exposure of said light 
laser 20 by the photodetection section 15 at coincidence. Drawing 3 is the output graph which showed the output state 



r 

o£tte photodetection section 15, and like illustration, when a defect does not exist in the interior of concrete 7 When 
the reflected wave produced when infrared laser 19 was irradiated in pulse, and a surface echo (A) was detected at the 
moment of physical vibration being given to the exposure side S and said supersonic wave 21 reached the other end 
side of concrete 7 arrives at the exposure side S, an edge echo (B) is detected. 

[001 1] Drawing 4 shows the case where a defect exists in the interior of concrete 7. If the supersonic wave 21 
generated in this case based on physical vibration of the exposure side S by thermal operation of the infrared laser 19 as 
mentioned above meets with the defective part 22 of the concrete 7 interior like illustration, a reflected wave 23 will be 
generated. If this reflected wave 23 arrives at the exposure side S, in order to vibrate that exposure side S, it is detected 
by the photodetection section 15 through the reflected light of said light laser 20. Drawing 5 is what showed the output 
state of the photodetection section 15 in case the defect exists, and a defective-part echo (C) will be detected between a 
surface echo (A) and an edge echo (B) like illustration. 

[0012] Drawing 6 shows an example about the spectrum for every wavelength obtained by said CCD 17. if a spectrum 
with a wavelength of 589nm is strong, a spectrum with a Na and a wavelength of 372nm is strong like illustration, a 
spectrum with a Fe and a wavelength of 393 .4nm is strong, a spectrum with a calcium and a wavelength of 479. 5nm is 
strong and a spectrum with a CI and a wavelength of 766. 5nm is strong, K deposits on the concrete front face — judging 
— the description of concrete — it can analyze, namely, the description concerning the potential alkali reactivity of 
cement aggregate combination of concrete 7 by the spectrum value of Na — it can analyze, the description about 
degradation of the steel frame which similarly is used for concrete 7 by the spectrum value of CI thru/or the spectrum 
value of Fe - it can analyze. In addition, the spectrum value of calcium can be used as a reference value of the secular 
change about calcium component contained in the concrete itself. Moreover, if the spectrum value of C system is also 
taken, it can be used as a reference value about carbonation of concrete 7. By data-izing and carrying out preservation 
management with the spectrum value of each above element, while being able to judge the description of the concrete 7 
in an inspection time, it is also possible to supervise the secular change about description, and it is very effective on the 
safety practice of the concrete structure. 

[0013] Drawing 7 is the outline configuration perspective view having shown the important section of the example 
about the test equipment for enforcing the above inspection approach. Like illustration, each required facility is carried 
in the portable truck 24, and it constitutes from this example as an inquiry system. The infrared laser oscillator 1 of the 
short pulse height peaking capacity which consists of carbon dioxide gas laser etc., the light laser oscillation machine 8, 
laser beam delivery equipment 25, and laser beam scanning-device 26 grade are carried in the portable truck 24. As 
mentioned above, the infrared laser and light laser which were generated with the infrared laser oscillator 1 and the 
light laser oscillation vessel 8 are irradiated in same axle through a galvanomirror 6. By controlling the galvanomirror 6 
with the laser beam scanning device 26, it is constituted so that the exposure point may be set up. 27 in drawing shows 
the installation section of detection analysis means, such as spectral-analysis equipment which consists of the 
oscillating detection equipment which consists of said interference machine 14 and the photodetection section 15, 
prism 16, and CCD 17. Furthermore, it is constituted so that marking of the field judged that ink JIETTA 28 is carried 
in the portable truck 24, and is abnormal through the ink JIETTA head 30 supported by the robot arm 29 may be 
carried out. 3 1 in drawing shows location detection equipment, detects the migration length from the criteria location of 
the portable truck 24, and it is constituted so that the location data may be accumulated on data accumulation 
equipment 32. In addition, the photodetection section 15, the data about the inspection result from CCD 17, etc. are 
accumulated by data accumulation equipment 32 with location data, such as data about the internal surface of the 
concrete 7 from said length measurement 18 [ a total of ] besides the location data about the portable truck 24 from 
location detection equipment 31, and data about the exposure point from the laser beam scanning section 26. 
[0014] 

[Effect of the Invention] According to this invention, the following effectiveness can be acquired. 

(1) the inspection about the internal defect of concrete, and the description of concrete — it is possible to carry out 
inspection about change on real time to coincidence. 

(2) Description of concrete can be data-ized and the distribution condition of each surface deposit element and secular 
change can be supervised quantitatively. 

(3) It can inspect by non-contact and un-destroying to a concrete side. 

(4) Since the workability about inspection is improved sharply, compaction of working hours and expansion of the 
inspection range are possible. 



[Translation done.] 



